In this study, the concentrations of 12 metals: Ca, Na, Sr, Mg, Ba, Mn, Cu, Pb, V, Y, U and 20 Cd in shells of bivalve molluscs (aragonitic: Cerastoderma glaucum, Mya arenaria and 21 Limecola balthica and bimineralic: Mytilus trossulus) and arthropods (calcitic: Amphibalanus 22 improvisus) were obtained. The main goal was to determine the incorporation patterns of 23 shells built with different calcium carbonate polymorphs. The role of potential biological 24 control on the shell chemistry was assessed by comparing the concentrations of trace elements 25 between younger and older individuals (different size classes). The potential impact of 26 environmental factors on the observed elemental concentrations in the studied shells is 27 discussed. Specimens were collected from brackish waters of the Baltic Sea (the Gulf of 28 Gdansk). For every species, 40 individuals (ten in each size class) were selected. Pre-cleaned 29 shells were analysed by ICP-OES and ICP-MS to determine the concentrations of metals.
48 49 composition of the carbonate shell and how much this process is affected by the environment 136 (Casella et al., 2017; Schöne and Krause, 2016; Weiner et al., 2001) . Although calcareous 137 parts serve as a powerful tool for the interpretation of the environmental conditions, detailed 138 insight into the different factors controlling the composition of biological CaCO 3 is 139 fundamental for understanding the chemical profiles. Tracking potential sources of variation 140 within calcifying organisms of many species with diverse mineralogy should provide valuable 141 insight into the patterns driving the biomineralization process (Smith et al., 1998) . 142 The aim of this study is, by examining the trace element concentrations in calcitic, 143 aragonitic and bimineralic shells. to assess the potential differences in free ion binding in two 144 crystalline polymorphs in the low-salinity environmental system using the example of the 145 southern Baltic Sea. Brackish waters influence the activities of metal ions, enhancing their 146 bioavailability (Fritioff et al., 2005) and contributing to lower Ca 2+ concentrations, CaCO 3 147 saturation states, alkalinity and buffering capacity compared to those of more saline waters 148 (Beldowski et al., 2010; Cai et al., 2010; Findlay et al., 2007) . The seasonal changes (mainly 149 the surface temperature variability, periodic lowering of salinity, irregular inflow of pollutants 150 and intensity of biological processes) were found to affect both the metal concentration and 151 the physiological processes of living organisms (Urey et al., 1951) . For this study we selected mainly due to periods of snow and ice melting (Cyberski et al., 2006; Pruszak et al., 2005; 187 Szefer et al., 1996) . Winter storms cause the re-deposition of sediments further into the Gulf 188 of Gdansk (Damrat et al., 2013) . Because of the natural conditions, mainly, the limited water 189 exchange, contaminants brought by the river remain in the ecosystem for decades, 190 accumulating in the sediments and in living organisms (Glasby et al. 2004; Szumiło-Pilarska 191 et al. 2016). 192 The benthic community of the Gulf of Gdansk is characterized by the dominance of 193 calcifying filter feeders and deposit feeders (Kruk-Dowgiałło and Dubrawski, 1998 to that in the open ocean. It alternates between approximately 1 to 5 for calcite and 0.5 to 2.5 199 for aragonite (Findlay et al., 2007) . Seasonal changes also affect the feeding behaviour. The 200 capacity for food processing is evolutionarily adapted to the concentrations of suspended 201 matter, primarily phytoplankton, that prevail in the biotope during the productive seasons of were found at MA, M2 and MW (one at each station), while two species were collected at 266 station GN (see Table 1 ). To ensure that the samples were not contaminated or modified by 267 solutions of preservatives, the collected material was transported alive in tanks filled with 268 seawater to the laboratory, where sample preparation took place. dissolved by the total digestion method using hydrofluoric acid. The reference materials were 300 diluted to match the concentrations of Ca in the sample solutions (Imai et al., 1996) .
301
The limits of quantification (LOQ) of the ICP-MS analysis were generally determined 302 as the concentration corresponding to ten times the standard deviation of the signal obtained 3. Results
321
The species exhibited similar accumulation orders since they had the highest concentration of 322 Na, Sr and Mg and the lowest concentrations of U and Cd ( and Ca (Fig. 3 ).
331
The results of the Kruskal-Wallis nonparametric ANOVA test, which was used to (p = 0.002), which was contrary to the decreasing concentration of Na (p = 0.015), Mn (p = 338 0.014) and Cd (p = 0.009). Similarly, the calcitic shells of A. improvisus also showed 339 variability of four elements between size classes, namely, Mg (p = 0.007), V (p = 0.011), Cu 340 (p = 0.027) and Pb (p = 0.004). However, in this case, the sequences of the ontogenetic 341 changes were not straightforward but, rather, had a tendency to fluctuate between the 342 youngest and the oldest individuals. The highest variability was found within the bimineralic 343 shells of M. trossulus. The size classes differed in terms of five elements. The incorporation 344 of V (p < 0.001), Cu (p < 0.001), Y (p = 0.013), Cd (p = 0.002) and U (p < 0.001) into the 345 crystal lattice decreased in larger mussels ( Fig. 3, Fig. 4 ).
346
Detailed analyses of the significant differences in the studied elements between the 347 size classes based on post-hoc Dunn's tests for multiple independent groups indicated that the 348 variations were not linear ( Fig. 5 ). In L. balthica aragonitic shells, sodium concentration 349 decreased with ageing, showing differences between the size classes I and III and I and IV. In Gulf of Gdansk could act as species-specific adaptation (Fig. 3) .
399
Sodium belongs to the group of proxies used in the robust reconstruction of salinity, 400 and this relationship seems to be related mainly to the increase of Na activity in seawater with 401 increasing salinity (Findlater et al., 2014; Wit et al., 2013) . Although we observe that for 402 invertebrates collected from stations with similar salinities between 6.9 and 7.3, the aragonitic 403 species incorporated more Na than did the calcitic and bimineralic species (Figs. 3 and 4) . The 404 concentration of Na ranged, on average, from 0.2 wt% in M. trossulus to 0.32 wt% in C. were found in the shells of molluscs than in barnacles from the same location ( Figs. 3 and 4) .
436
A similar relationship was found in the soft tissues of M. trossulus and A. improvisus 437 collected from different locations in the Gulf of Gdansk in May 1998 (Rainbow et al., 2000 .
438
The range of Mn in the soft tissues of M. trossulus varied from 19.0 to 41.0, while that in A. and barnacles could reflect the ability of molluscs to limit vital processes and to reduce the 442 calcification rate during stressful conditions (Berge et al., 2006; Hiebenthal et al., 2012) . A 443 limited food base, low temperatures, saturation states during colder months and even the high 444 river inflow in early spring (Cyberski et al., 2006; Pruszak et al., 2005; Szefer et al., 1996) can phytoplankton blooms (Freitas et al., 2006; Lazareth et al., 2003; Vander Putten et al., 2000) .
450
As many clams and barnacles are filter-feeding organisms, Mn-or Ba-rich particles are Ba, were simultaneously the richest in most other trace metals, which were likewise more 462 concentrated in bimineralic M. trossulus than in aragonitic clams ( , 1997; Reeder, 1983; Wang and Xu, 2001) . MA, MW and M2 to the mouth of the Vistula River, which is a major source of metal 477 contaminants in the marine system (Fig. 1 ).
478
In this study, individuals were collected over a wide range of sizes from each station 479 (Table 2) (Fig. 4) . However, in this case, the varied elements were not uniform for A. improvisus 500 and M. trossulus, even though the organisms came from one location (Table 1) . No size-501 related trend was observed for Y, U, and Cd in barnacles or for Pb in molluscs (Fig. 3) . It was 502 previously found that different species in the same habitat might show different patterns of 503 metal accumulation, which are caused by specific routes of uptake or differences in the 504 physiological pathway of metals (Rainbow, 2002 (Rainbow, , 1995 . Rainbow et al. (1999) that the mussels and barnacles gathered at one location did not show the same variation in 508 metal bioavailabilities.
509
In this study, generally, when statistical differences between size classes were 510 recorded, the concentrations of metals decreased with the size of the shell. The reverse trend 511 was found only for Sr in the shells of C. glaucum, in which the concentration of Sr increased 512 with size ( Fig. 4) . It is possible that the younger specimens had a greater calcium carbonate 513 precipitation rate and uptake of trace elements due to a higher metabolism in the earlier stages 514 of the animal life (Dalbeck, 2008) . Rosenberg and Hughes (1991) suggested that areas of 515 higher shell curvature, such as the umbo, require greater metabolic expenditure, resulting in 516 an increase of metals uptake. This supports the idea of a higher metabolic rate and metal 517 concentrations in younger specimens (Szefer et al., 2002) . This study also indicates that the 518 smallest individuals seem to be the most efficient accumulators of trace elements. This is 519 mostly expressed in the cases of a few trace elements, in which the concentration decreased 520 across the four size classes in the shells of A. improvisus, M. trossulus and C. glaucum (Fig.   521 4). There are several studies confirming a negative relationship between metal concentrations 522 and shell size (Martincic et al., 1992; Piwoni-Piórewicz et al., 2017; Ritz et al., 1982) . Catsiki 523 and Gialamas (1994) suggested that apart from metabolic processes, an active detoxification 524 mechanism is responsible for this trend, and its efficiency is higher in older and larger 525 individuals.
526
Nevertheless, many of the elements studied herein showed a lack of statistically 527 significant relationships between the shell sizes. Few trace metals in the shells of A. (Fig. 3) . This is not unusual in 531 biomineralization studies. Saavedra et al. (2004) 
